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Perforatorflaps – the evolution of a 




























Trauma, oncological resections and pressure sores can cause major soft tissue defects. The evolution 
of cutaneous, myocutaneous, and fasciocutaneous flaps gives the possibility for the reconstruction of 
contour and, in many cases, function. This evolution was closely related to the increased understanding 
of the vascular anatomy of the skin and subcutis and has led to the development of perforator flaps. 
A free perforator flap is a (large) flap of skin that survives on a single artery with concomitant vein(s) that 
perforates the muscle and/or fascia, referred to in brief as a ‘perforator’. This has its origin in a larger 
vascular pedicle that runs in a deeper plane. The pedicle of such a perforator flap can be lengthened by 
dissecting the perforator down to the main vessels running underneath the muscle. Moreover, the larger 
diameter of these vessels facilitates the creation of a vascular anastomosis in the receptor area. 
By the use of such perforator flaps, proper innervation and a good blood supply to the flap can be 
combined with less morbidity at the donor site. Important possibilities include the filling of a dorsal 
(pressure sore) defect and breast reconstruction. 
 
Introduction 
Innovation is the essence of plastic surgery. Over the years plastic surgeons have introduced 
techniques that are now also applied by other surgical specialists. Before a new technique can be 
applied routinely and more widely, other doctors are already confronted with the results. Such a 
confrontation often causes questions about the new technique and other possibilities to apply it. At 
present there is another development in the field of plastic surgery that needs explanation. There is an 
increase in so-called perforator flaps, which are used for various reconstructive operations. In this article 
we will describe the evolution of plastic surgical transplantation techniques that have resulted in the 
development of perforator flaps. Then the anatomical and surgical principles of perforator flaps will be 
illustrated with two examples.  
 
Evolution of the pedicled and free tissue transposition 
Pedicled cutaneous flaps. Tissue defects that have developed as a result of trauma, oncological 
resection or pressure sores can be covered and closed by means of tissue transposition. The choice 
and type of tissue transposition is largely depending on the nature, extent, the status and the 
localization of the defect (1). Besides this the general health of the patient and the preference of patient 
and plastic surgeon play a role. The oldest and most simple solution for small skin and subcutaneous 
defects is the transposition of a pedicled local skin flap. Hereby the adjacent, healthy skin and subcutis 
will be rotated on one pedicle into the defect or like a visor connected to two pedicles, moved towards 
the defect. 
If up to the seventies of the last century, sufficient healthy tissue was not available next to the defect for 
transposition, the wound was usually closed with the pedicled transposition of a flap from the same 
anatomical region (a so called regional flap) or by a staged transplantation of flaps from elsewhere on 
the body. For this last technique the flaps would remain connected to the donor site with one pedicle for 
its vascularization, while the most distal part of the flap was stitched into the area that needed 
reconstruction. The intermediate part was closed into a tube, because it took weeks or months before 
the distal part of the flap had sufficiently grown into the receptor area. Only after there was 
neovascularization of this distal part, this so-called tubed flap could be separated from its donor site. By 
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repeating this principle several times with a tubed flap it was even possible to use healthy tissue from 
areas elsewhere on the body.(2) 
Initially the vascular anatomy of this type of pedicled skin flaps was defined insufficiently and they 
remained vascularized at random. This often resulted in circulation problems in the flap. To limit the risk 
of necrosis of the most distal part of such “at random” flaps, the plastic surgeon was restricted to a ratio 
between length and width of maximum 1.5 to 1 (figure 1a) (1,3) Increase of anatomical knowledge about 
the vascularization of the skin, resulted in the development of skin flaps in which a pedicle followed an 
axial pattern, and consisted of one artery and a vein (the so-called ‘axial pattern’ or arterial flaps) (2,4). 
Due to a more reliable circulation it became possible to realize a much bigger ratio between length and 
width (see figure 1b)(5,6). Further modification of the axial flap consequently resulted into the 
development of the pedicled “island” flap (see figure 1c).(3) For such island flaps the rotation range of 
the skin island is enlarged by dissecting the axial pedicle from its origin up to the edge of the skin island.  
 
 
Figure 1. Evolution of an ‘at random’ flap to an ‘axial pattern’ and ‘island’ flap. (a) Originally no attention 
was paid to the pattern of vascularization of pedicled skin flaps, and potential vascular pedicles were 
unconsciously cut. For that reason the length-width ratio remained restricted to 1.5 to 1. (b) Then the 
‘axial pattern’ or ‘arterial’ skin flaps were developed. By including a vessel pedicle in the centre of the 
flap it became possible to realize a greater ratio between length and width. (c) In an ‘island’ flap the 
rotation range was increased by dissecting the pedicle from its origin to the edge of the skin island.  
 
 
Pedicled myocutaneous flaps. At the end of the seventies of the last century the increased interest in 
the vascular anatomy of the skin resulted also in the development of many myocutaneous flaps. (7,8). 
Hereby the muscle with the subcutaneous tissue and skin that covers the muscle on top of it is 
dissected (figure 2a). Then the so composed flap can be transposed. By using this technique it was 
often possible to transpose a bigger skin island than with the technique of the island flap.  Consequently 
it was initially hypothesized that the better vascularization was caused by including the muscle. Besides 
the increased reliability of the blood circulation the bigger volume of the flap is an advantage for 
reconstruction of big defects. This bigger volume can however also lead to a functional or esthetical 
problem in the receptor area. On top of this, annoying muscle contractions can take place if the muscle 
is not denervated during the transposition. Furthermore it is difficult to predict the degree of atrophy of 
the denervated muscle and therefore the esthetic result of the transposition. For these reasons further 
development of skin transpositions was strived for. 
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Pedicled fasciocutaneous flaps. From the anatomical studies it was also concluded that the 
circulation of many skin areas is not per se depending on the circulation of the underlying muscle, but 
more so on the vascular plexus which is superficial compared to the fascia over this muscle. This plexus 
is often fed by a vascular pedicle that runs over the muscle from deeper lying vessels to the subcutis 
(1,9) 
The skin and subcutis can therefore be mobilized together with the muscle fascia and a vascular pedicle 
as a so-called fascio-cutaneous flap. If the pedicle of such a fascio cutaneous flap runs in one of the 
intermuscular septa from deep to superficial it is called a “septo-cutaneous” flap (see figure 2b) (1). 
Such flaps were developed especially during the eighties of the previous century. (9,10) By using the 
fascio-cutaneous or septo-cutaneous flaps the morbidity of the donor area remains limited because 
there is hardly any loss of function of the muscle. Moreover these flaps are more pliable and often 
slimmer than the myocutaneous flaps and therefore easier in use (9)  
 
Revascularized free flaps. If the defect however is located in an area where it is preferable not to use 
local or regional flaps, the tissue needed for covering the defect should be removed from elsewhere on 
the body.  
Since the end of the seventies of the last century it is no longer necessary to use tubed flaps. At that 
time the developments of the operation microscope and microsurgical instruments and the ever 
increasing knowledge about the vascular anatomy of skin and muscles all came together. (11,12). This 
created the possibility to cut the pedicle of a growing number of axial flaps and to revascularize the flaps 
with microanastomoses at the reconstructive site. Moreover these ‘free’ flaps can be composed 
according to need with skin, fat, fascia, muscles, bone and other tissues. Through this free 
transplantation it not only became possible to choose the flap with the best properties suited for the area 
that needs reconstruction, but also to choose that flap that causes the least morbidity and loss in 
function in the donor area. 
  
Muscle perforator flaps. Developments went even further to combine the reliable circulation of the 
myocutaneous flap with the lesser donor morbidity of the fasciocutaneous flap.   
At the end of the eighties of the last century it became clear that the circulation of the subcutis and the 
skin of a myocutaneous flap is not per se depending on the inclusion of the muscle in the flap. (13,14). 
A big skin flap can in some cases also survive on only one run off vessel, that perforates the muscle. 
This pedicle, briefly called ‘perforator’ springs from a bigger pedicle that runs underneath the muscle 
(see figure 2c)(15)   
By dissecting the perforator from the muscle in continuity with the vessels lying underneath the muscle, 
the pedicle of such a perforator flap can be extended considerably. Moreover the inclusion of those 
vessels implies that the diameter of the vessels becomes bigger, which makes it easier to realize a 




 a) b) c) 
  
Figure 2. Evolution from myocutaneous flap to perforator flap. (a) For the use of a myocutaneous flap a 
muscle together with the fascia, subcutaneous fat and the skin, all attached on top of that muscle, is 
dissected and, pedicled on a vessel of the muscle, transplanted as a whole (NB different layers were 
partly drawn separately to create a better understanding of the vascularization). (b) The circulation of a 
‘septo-cutaneous’ flap does not depend on the inclusion of the underlying muscle, but rather on the 
vascular plexus, which is more superficial in relation to the fascie over that muscle. This plexus is in 
connection with a deeper vascular system that runs in between two muscles from deep to superficial. (c) 
A big skin flap may in some cases also survive on one transmusclar pedicle that runs off a bigger 




Seven examples of the nomenclature of perforator flaps, based on the vessels from where the 
perforating pedicle originates (15)  
Abbreviation Full name of flap Origin of the perforating 
pedicle 
DIEP ‘deep inferior epigastric perforator’ deep inferior epigastric artery and 
vein 
SGAP ‘superior gluteal artery perforator’ superior gluteal artery and vein  
IGAP ‘inferior gluteal artery perforator’ inferior gluteal artery and vein  
IMAP ‘internal mammary artery 
perforator’ 
internal mammary artery and vein 
LAP ‘lumbal artery perforator’ lumbar artery and vein 
TDAP ‘thoracodorsal artery perforator’ thoracodorsal artery and vein 
ALT ‘anterolateral thigh perforator’ descending branch of lateral  






 a) b) 
   
c) d) 
Figure 3. Clinical example of a ‘lumbar artery perforator’ flap (LAP) (a) The doppler signal of the 
paravertebral perforators of the lumbal artery is marked preoperatively (b) After dissecting the 
paravertebral pedicle, the flap is ready for transposition to the sacral pressure sore defect. (c) Detail of 
the pedicle and the adjacent sensory nerve (d) Result of the bilateral transposition of the LAP flaps after 
some weeks. The donor defects in both sides are closed primarily. 
  
  
Pre- operatively the location of the perforating vessels can usually be traced with a pencil Doppler, but 
the manipulation of the fragile vessels can be quite difficult peroperatively. A prerequisite to be able to 
apply the technique of perforator flaps is that dissection is performed using microsurgical techniques. 
The advantage of this type of flaps is that preserving the muscle will cause little loss of function in the 
donor area and allows for a faster postoperative recovery of the patient. Together with the quality, 
consistency and the quantity of the perforator flaps this advantage can outweigh the technical difficulty.  
 
Examples of perforator flaps.  
‘Lumbal artery perforator’(LAP) flap.  The LAP flap consists of the subcutis and skin of the left or right 
half of the back and is vascularized by one of the paravertebral perforators, originating from the. lumbar 
Artery and vein and runs through the m.erector spinae or in between the erector spinae muscle and the 
quadratus lumborum muscle (16). These perforators are preoperatively marked on the skin with the help 
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of Doppler examination (figure 3a). The paralumbar skin and subcutis are incised in the shape of a 
transverse or longitudinal oriented flap and dissected from the underlying muscles. As soon as the 
perforating pedicle has been recognized it is dissected out between the muscle fibres. The flap is now 
ready for local transposition, for example for covering a radiation ulcer or a pressure sore at the level of 
the sacrum (see figure 3b) (17) 
Hereby keeping the normal sensibility of the flap is a great advantage (see figure 3c). If however the flap 
is used as a free flap, the pedicle will be cut at the level of its origin on the vasa lumbales and taken out 
of the muscle, to be anastomozed at the recipient area. (18) 
The LAP flap can be used for many different reconstructions and is preferably used for the 
reconstruction of dorsal defects, because the patient does not need to be turned on the operating table 
during the operation. The donor defect on the back can easily be closed and hardly ever leads to 
morbidity or a problematic scar. (see fig 3d)  
 
‘Deep inferior epigastric perforator (DIEP) flap. The DIEP-flap consists of the subcutis and cutis of 
the lower abdomen and is vascularized by the perforators of the deep inferior epigastric artery and vein, 
running through and underneath the rectus abdominis muscle. These perforators can usually be marked 
on the skin pre-operatively with aid of Echo-Doppler examination (figure 4a). During the operation first 
the skin and subcutis of the lower abdomen are incised elliptical and dissected from the fascia of the 
external oblique muscles and the rectus sheath. One to three appropriate perforators, crossing from the 
rectus abdominis muscle into the subcutis, are chosen and the anterior rectus sheath is opened around 
these perforators. By splitting the muscle fibers the perforators are dissected down to the deep inferior 
epigastric vessels. In this step the motor innervation of the muscle is preserved as much as possible. 
After the deep inferior epigastric vessels are ligated and cut cranially of the perforator, the pedicle is 
dissected caudally till its origin from the external iliac vessels (see figure 4b). If the flap is used as a free 
flap, the pedicle is ligated cut at their origin and taken out through the rectus muscle. The flap is now 
ready for revascularization by means of microsurgical anastomoses in the recipient area.(19) The flap 
can be reinnervated by microsurgical neuroraphy of the sensory nerve branches to the sensory nerves 
in the receptor area. After the flap harvest the anterior rectus sheath is closed over the muscle and the 
skin is closed like in a standard abdominoplasty.  
Although the first clinical applications of the DIEP flap were for the reconstruction of a groin defect and 
an oral defect, nowadays this flap is mainly used for breast reconstructions (14,20) Consistency and 
mass of the fat tissue of the lower abdomen are very similar to the breast tissue. The epigastric vessels 
are often anastomosed to the internal mammary or the thoracodorsal vessels (see figure 4c)(19). In 
comparison to the  ‘transverse rectus abdominis myocutaneous flap’ (TRAM) flap, in which a part of the 
de m.rectus abdominis is also harvested with the flap, the use of the DIEP flap leads less often to 
abdominal herniations and less loss of muscle power in the donor area (see figure 4d). Furthermore the 
DIEP flap leads to less morbidity and a shorter hospital admission (21) 
 
Conclusion 
Today there is a big and diverse range of pedicle and free tissue transpositions available for 
reconstructive purposes. For an optimal recovery of shape and function the most suitable flap can be 
chosen for reconstruction of defects. By using the so-called perforator flaps, a reliable vascularization 
 19 
and the possibility of sensory reinnervation are combined with less morbidity and less loss of function in 
the donor area. This application demands microsurgical expertise and in surgical technical sense there 
is need for more additional experience with perforator flaps. After this development it seems only a 






Figure 4. Clinical example of a ‘deep inferior epigastric perforator’ (DIEP)-flap. (a) Status after a left 
lateral skin saving mastectomy in combination with direct implantation of a temporary prosthesis. The 
implant will be replaced with autologous abdominal tissue. The perforators that run from the inferior 
epigastric artery and vein through the rectus abdominis muscle to the subcutaneous and cutaneous 
tissue of the lower abdomen are marked preoperatively.  (b) After dissecting the pedicle from the 
underlying rectus abdominis muscle up to the origin of the external iliacal vessels the flap will be ready 
for transplantation. (c) Results of a breast reconstruction by means of a ‘free’ microsurgical 
transplantation of a DIEP flap after the left lateral skin saving mastectomy.  (d) The scar from side to 
side as a consequence of closing the abdominal donor defect. 
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